One of the many problems facing surgeons is finding adequate bone sites for implant support. Without adequate bone, there can be implant failure or poor esthetic results. By using guided tissue regeneration (GTR) membranes and bone grafting materials, implants may be placed into immediate extraction sites and areas with large osseous defects with an expectation of long-term positive results. These concepts are illustrated by comparing the results of a ten-year follow-up evaluation of a patient lacking healthy bone at the implant site with another case in which the implant site had bone of acceptable morphology and density, with both cases showing similarly good results.
INTRODUCTION
S ociety's increased desire for implants and implant-supported prosthetic replacements, combined with medical and dental advances, has spawned a tremendous interest in implants and in regenerating ossseous support, which is a prerequisite to implant attachment and stability.
The dentist's goal is to recreate enough osseous support, where missing, to support the proper implant and its prosthesis so that the patient can have good oral function as well as aesthetics.
A root-form implant is among the more popular implants today. Even with its variable sizes, shapes, coatings, and textures, the implant still needs adequate osseous support. Proper support includes adequate height and width, buccolingual as well as mesiodistal. The commonly preferred height is at least 11 to 12 mm. Ulti-mately the type of prosthesis to be used determines the number of implants needed, as well as location and necessary osseous support.
The choice of bone graft material used to induce bone regeneration varies a great deal. There is a lot of research being done in this field to find new and better materials. There are 4 groups from which to choose bonegraft material: (1) autogenous grafts taken from the same individual; (2) allographs taken from the same species;
(3) alloplasts from artificial sources; and (4) xenografts from another species. This article will present a 10-year study involving the use of guided tissue regeneration (GTR) to aid bone grafts in creating a closed system to regenerate osseous growth in order to support endosseous implants where there was previous inadequate bone.
GTR is based on the principle of guiding the proliferation of the various tissue components during healing fol-lowing surgery. The membrane's purpose is to prevent gingival epithelium and connective tissue from invaginating the void during healing, and at the same time to give preference to cells originating from the bone and/or periodontal ligament so they may repopulate the wound area. The membrane utilizes the biologic principle of selective cell repopulation of the wound area.
As the indications for implant therapy have expanded, 1-4 implant practitioners have increasingly had to confront suboptimal site conditions. A variety of techniques 5-8 for augmenting and regenerating alveolar bone have been developed, [9] [10] [11] and wisdom has dictated that such bone grafts be allowed to heal for 3 to 12 months before implants are placed, depending on the site and scope of the defect. For certain patients, however, combining extraction and grafting with immediate implant placement offers advantages, including a shorter treatment course, less expense, and faster recovery of dental function. Moreover, if proper GTR techniques are used, 12-18 bone growth around endosseous implants can be dramatic, 6, 9, 11 even in seriously compromised sites, which is demonstrated by the following case study.
This case study compared, for 10 years, the healing and wear of an endosseous implant that was placed in a large osseous defect and attached with an allographic material and a GTR membrane barrier, compared with the same type of endosseous implant in an area that had adequate bone support and no defect.
CASE STUDY
In 1991, the patient presented as a healthy 66-year-old woman who had undergone extensive, unsuccessful, and unrewarding periodontal therapy for a number of years. She desired to function better and look as good as possible. Economics were a factor. She could not afford a fixed prosthesis. Examination revealed that all of her remaining teeth were mobile, and the pa-tient was prepared to lose them. Severe (class IV) osseous deterioration was noted in the mandible, and recession was obvious. Extreme mobility ranging from 2 to 3 on the Miller's Mobility Index was present in all of the mandibular teeth (teeth 18 and 20-28). The anterior mandible was crowded, with the lower left cuspid rotated to an extreme labial position (Figure 1 .) Initial radiographs indicated that the height of the mandibular bone and the postioning of the mandibular branch of the inferior alveolar nerve and mental foramen were adequate to support implants in the indicated areas. The height of osseous support necessary varies with each patient.
A team comprised of the restorative practitioner, the periodontist-implantologist, and the patient consulted and investigated options. The restorative dentist and patient had agreed on an overdenture on her mandible as the restorative plan and the rest of the team agreed. The number of implants chosen was based on economic considerations and the restorative prosthesis. Two implants would not achieve the stability desired. Immediate extraction and implant insertion would save the patient months of healing time. The choice of HA-coated root-form implants was chosen by the implant surgeon in order to encourage more favorable, quicker healing.
A treatment plan was prepared that called for immediate preparation of a tissue-supported maxillary denture and a mandibular denture to be supported by endosseous implants. All of the remaining maxillary teeth were then extracted and the patient was fitted with the maxillary denture.
After 10 days the patient returned, and under local anesthesia the mandibular teeth were extracted with care to preserve as much of the remaining alveolar ridge as possible ( Figure 2) . A full-thickness crestal incision was made and the mucoperiosteal flap reflected. After removal of a substantial amount of granulation material, the full extent of the osseous defects was revealed.
Three 3.8-mm HA-coated implants were chosen. With 3 implants, an optimal placement scheme would have called for positioning an implant in each of the 2 mandibular cuspid sites, with the third implant centered between them. However, the degraded osseous architecture militated against this.
Due to the labial migration of tooth 22, support for an implant in that extraction socket would have been extremely poor. The prosthesis would have been bulky labially and might have interfered occlusally as well. In contrast, the tooth 21 socket offered more lingual positioning and better osseous support. A 14 mm long implant was thus inserted into the tooth 21 socket. Once positioned, the implant was surrounded by substantial voids on the mesial, distal, and lingual aspects of the implant, and the socket depth also dictated that the implant be situated below the alveolar crest (Figure 3) .
Another 14 mm long implant was inserted in the 27 socket. Here also, substantial voids were present on the lingual, mesial, distal, and occlusal aspects of the implant (Figure 4 ). In contrast, the 24 socket offered fairly good osseous support. A 14 mm long implant was placed there as well ( Figure  5 ). Rather than attempting to make the 2 lateral implants level with the alveolar crest by removing crestal bone, it was decided instead to generate as much osseous support as possible. The voids around and on top of the 2 lateral implants were filled with resorbable demineralized, freeze-dried (DMFD) bone material ( Figure 6 ). At each site, a resorbable membrane was then postioned (Figures 7 and 8 ). This membrane serves to hold the graft material in position as well as prevent invasion by epithelial and connective tissue. Since it is resorbable, use of it obviates the need for a second-stage surgery to remove it at a later time.
At the time of this implant inser-FIGURES 1-8. FIGURE 1. There is poor periodontal support for the mandibular teeth. The opposing teeth have a very poor prognosis and will become a full maxillary denture. Note that the lower left cuspid has rotated to an extreme labial position, and that the posterior lower right teeth are absent. FIGURE 2. The mandibular teeth extracted, showing the care taken to presesrve the remaining ridge. FIGURE 3. A 14 mm long implant was inserted into the 21 socket, but substantial voids remained on the mesial, distal, and lingual surfaces. tion, using a resorbable membrane such as GTR was a unique idea. It had never before been used to aid regeneration of bone around implants at insertion. Nonresorbable membranes had heretofore been used, and the Food and Drug Administration had just approved resorbable membranes for use of the type of implant. The membrane was placed contemporaneously with extraction of failing teeth. The implants were inserted in the extraction sites. The central implant was fitted with no spaces and good osseous support. It was used as the control.
The membrane placed over the tooth 2 site was secured by tying the attached resorbable strings to the distal alveolar crest at the tooth 20 site. The membrane placed at tooth 22 was tied to the distal alveolar crest at the tooth 26 site (Figure 8 ). None of the other extraction sockets received any grafting material, and neither did the central implant.
Radiographs were taken and showed the implants to be parallel (Figures 9 and 10) . After primary closure was achieved, the mandibular denture was hollowed out and inserted. In order to enhance bone growth and osseointegration, care was taken to ensure that no pressure of any sort was directed onto the newly placed implants. The patient was instructed to restrict her diet to soft foods for 14 days.
Healing proceeded normally, and after 3 months tissue had sloughed away to expose the central implant. A soft, protuberant, irregular area next to the 22 implant also was noted ( Figure  11 ). Reflection of a mucoperiosteal flap revealed a fistula at the 23 site ( Figure  12 ). This cystic granulomatous tissue was enucleated.
Around the 22 implant, new bone had grown in to completely surround the implant. Bone had also grown over the top of the healing screw. Resorption of the membrane was complete.
To gain access to the healing screw, a bur was used to remove the over- growth of bone ( Figure 13 ). The healing screw was then replaced by a healing abutment (Figure 14 ). Additional DMFD bone material was placed in the void created by enucleation of the fistula (Figure 15 ), and the tissue was approximated.
A mucoperiosteal flap was then created to expose the lower right area. Here also, bone had grown in to completely surround the implant, extending over the top of it (Figure 16 ). After removal of the excess bone (Figure 17 ), the healing screw was replaced by a healing abutment, and the tissue was sutured ( Figure 18 ). The denture was then relieved to ensure that no pressure was transmitted during this phase of the healing process.
When the patient returned for suture removal 2 weeks later, the fistula had healed (Figure 19 ). All of the implants were firm. Six weeks after placement of the healing abutments, the patient returned for final restoration. Since the implants were parallel, the prosthesis was designed as an O-ringretained overdenture (Figure 20) . Keratinization was noted in the area where the fistula had healed ( Figure  19 ), enabling the patient to maintain a healthy, plaque-free environment. Figure 21 shows the final restoration in place.
The lateral implants had large osseous voids and needed bone regeneration. Using the resorbable membrane with an allograph, all 3 implants were allowed to achieve clinical osseointegration.
DISCUSSION AND CONCLUSION
Of the 7 nonimplanted mandibular extraction sites, 6 healed normally and 1 developed a fistula. Yet all the sites received the same surgical treatment. The inconsistency of the healing suggests that GTR techniques and bonegraft material should be routinely used to fill the voids in all fresh extraction sites to ensure greater healing predictability and preservation of the alveolar crest.
Not all fresh extraction sites can support immediate implantation. Contraindications would include evidence of acute inflammation at the extraction site, bony defects that are irregularly large and wide, and sites that do not allow for absolute rigidity of the implant at the time of insertion. At the same time, however, bone loss around extraction sites need not always dictate that implantation be delayed until bone regeneration is complete.
This case demonstrates that given proper environmental control and using GTR techniques, implants may be
